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usual to begin with those parts of the subject in which the 
idea of change, though implicitly involved in the very 
conception of force, is not explicitly developed so as to 
bring into view the different configurations successively 
assumed by the system. For this reason, the first place has 
generally been assigned to the doctrine of the equili¬ 
brium of forces and the equivalence of systems of forces. 
The science of pure statics, as thus set forth, is con¬ 
versant with the relations of forces and of systems of 
forces to each other, and tabes no account of the nature 
of the material systems to which they may be applied, or 
whether these systems are at rest or in motion. The 
concrete illustrations usually given relate to systems of 
forces in equilibrium, acting on bodies at rest, but the 
equilibrium of the forces is established by reasoning 
which has nothing to do with the nature of the body, or 
with its being at rest. 

The practical reason for beginning with statics seems 
to be that the student is not supposed capable of fol¬ 
lowing the changes of configuration which take place in 
moving systems. He is expected, however, to be able to 
follow trains of reasoning about forces, the idea of which 
can never be acquired apart from that of motion, and which 
can only be thought of apart from motion by a process of 
abstraction. 1 

Profs, Thomson and Tait, on the contrary, begin with 
kinematics, the science of mere motion considered apart 
from the nature of the moving body and the causes which 
produce its motion. This science differs from geometry 
only by the explicit introduction of the idea of time as a 
measurable quantity. (The idea of time as a mere 
sequence of ideas is as necessary in geometry as in every 
other department of thought.) Hence kinematics, as 
involving the smallest number of fundamental ideas, has a 
metaphysical precedence over statics, which involves the 
idea of force, which in its turn implies the idea of matter 
as well as that of motion. 

In kinematics, the conception of displacement comes 
before that of velocity, which is the rate of displacement. 
And here we cannot but regret that the authors, one of 
whom at least is an ardent disciple of Hamilton, have 
not at once pointed out that every displacement is a 
vector, and taken the opportunity of explaining the addi¬ 
tion of vectors as a process, which, applied primarily to 
displacements, is equally applicable to velocities, or the 
rates of change of displacement, and to accelerations, or 
the rates of change of velocities. For it is only in this 
way that the method of Newton, to which we are glad to 
see that our authors have reverted, can be fully under¬ 
stood, and the “ parallelogram of forces ” deduced from 
the “ parallelogram of velocities.” Another conception of 
Hamilton’s, however, that of the hodograph, is early in¬ 
troduced and employed with great effect. The funda¬ 
mental idea of the hodograph is the same as that of 
vectors in general. The velocity of a body, being a 
vector, is defined by its magnitude and direction, so that 
velocities may be represented by straight lines, and these 
straight lines may be moved parallel to themselves into 
whatever position is most suitable for exhibiting their 
geometrical relations, as for instance in the hodograph 
they are all drawn from one point. The same idea is 
made use of in the theorems of the “ triangle ” and the 
“polygon ”.of forces, and in the more general method of 


“ diagrams of stress,” in which the lines which represent 
the stresses are drawn, not in the positions in which they 
actually exist, but in those positions which most fully ex¬ 
hibit their geometrical relations. We are sorry that a 
certain amount of slight .is thrown on these methods in 
§ 41 r, where a different proposition is called the true 
triangle of forces. 

It is when a writer proceeds to set forth the first prin¬ 
ciple of dynamics that his true character as a sound 
thinker or otherwise becomes conspicuous. And here 
we are glad to see that the authors follow Newton, whose 
Leges Motus, more perhaps than any other part of his 
great work, exhibit the unimproveable completeness of 
that mind without a flaw. 

We would particularly recommend to writers on philo¬ 
sophy, first to deduce from the best philosophical data at 
their command a definition of equal intervals of time, and 
then to turn to § 212, where such a definition is given as a 
logical conversion of Newton’s First Law. 

But it is in the exposition of the Third Law, which 
affirms that the actions between bodies are mutual, that 
our authors have brought to light a doctrine, which, 
though clearly stated by Newton, remained unknown to 
generations of students and commentators, and even 
when acknowledged by the whole scientific world was 
not known to be contained in a paragraph of the Principia 
till it was pointed out by our authors in an article on 
“Energy” in Good Words , October 1862. 

Our limits forbid us from following the authors as they 
carry the student through the theories of varying action, 
kinetic force, electric images, and elastic solids. We can 
only express our sympathy with the efforts of men, tho¬ 
roughly conversant with all that mathematicians have 
achieved, to divest scientific truths of that symbolic 
language in which the mathematicians have left them, 
and to clothe them in words, developed by legitimate 
methodsTrom our mother tongue, but rendered precise 
by clear definitions,(and familiar by well-rounded state¬ 
ments. 

Mathematicians may flatter themselves that they 
possess new ideas which mere human language is as 
yet unable to'express. Let them make the effort to ex¬ 
press these ideas in appropriate words without the aid of 
symbols, and if they succeed they will not only lay us 
laymen under a lasting obligation, but, we venture to say, 
they will find themselves very much enlightened during 
the process, and will even be doubtful whether the ideas 
as expressed in symbols had eyer quite found their way 
out of the equations into their minds. 


TYNDALL’S FORMS OF WATER 


The forms of Water in Clouds and Rivers, Ice, and 
Glaciers. By John Tyndall, LL.D., F.R.S. (London : 
H. S. King & Co.) 


HATE VE R comes from Dr. Tyndall’s pen is sure to 
be vivid and clear. The present little volume forms 
no exception to this rule. It seems to have been composed 
partly in the form of popular lectures and partly 
as a sort of journal of a visit last year to the author’s 
favourite holiday haunts among the Swiss glaciers. Very 
readable, it nevertheless betrays this composite origin, and 
wears more the aspect of a piece of book-making than 
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probably its author himself could have wished. A wrong 
impression of the subject is created by the title, which 
though singularly happy in itself does not fairly describe 
the contents of the book. Such a title suggests an accu¬ 
rate and luminous discussion of the phenomena of evapo¬ 
ration and condensation, the growth and movements and 
disappearances of mists and clouds, the formation and 
distribution of rain and the laws regulating the rainfall 
over the globe, the meaning of frost, the birth and history 
of hail and snow, the circulation of water over the land 
with the ways and workings of brook, stream, and river, 
from mountain-peak to sea-shore, the architecture and 
the functions of snow-fields, glaciers, and icebergs—in 
short a kind of scientific poem, dedicated to the glory of 
that grand old element—water. Dr. Tyndall could write 
such a poem better than most men, and indeed it was 
with the expectation that he had attempted it that we 
opened this last volume of his. Out of the 192 pages 28 
are devoted to clouds, rains, rivers, waves of light and 
heat, oceanic distillation and mountain condensers. The 
rest treat wholly of ice. So that if we may judge by the 
relative space devoted to the different forms of water, ice 
must be six times more important than all the rest put 
together. A less ambitious title, such as its author could 
readily suggest, descriptive of the fact that the book is a 
record of work, intellectual and corporeal, among the 
Swiss glaciers, -would prevent the feeling of disappoint¬ 
ment with which many a reader has no doubt come to 
the last page. 

Dr. Tyndall did not intend, we suppose, that his book 
should be regarded in any other light than as a popular 
exposition of his subject, and would probably disclaim 
any place for it as a contribution of new facts and reason¬ 
ings to our knowledge of glaciers. His narratives of last 
year’s climbings and observations read very much like 
those of older ones with which he has already made us 
familiar. They are pleasantly written, and will convey to 
a reader, who has never seen a glacier, a picturesque 
notion of what he has missed. But surely it was not 
necessary to rake up again the Forbes-Rendu controversy, 
nor to renew the claims of Agassiz and Guyot. We could 
have wished, too, that while alluding to Mr. Mathews 
and other recent observers on ice-structure the writer 
had taken some notice of the attack upon his own theory 
by Canon Mosely and Mr. Croll. 


OUR BOOK SHELF 

Die Anwendung Des Spectralapparate von Dr. K. 

Vierordt. (Tubingen : H. Laupp, 1873.) 

Dr. Vierordt has been endeavouring to found a quanti¬ 
tative spectrum analysis for bodies giving an absorption 
spectrum. His method consists in the use of a slit 
divided horizontally into two parts ; one of these is ad¬ 
justed to a certain width ; the solution whose absorption 
is to be examined is placed opposite this, and in front of 
the other half is placed another solution of the same body 
but of a different strength, and the slit is then narrowed 
or widened as the solution is stronger or weaker until the 
absorption is the same in both halves of the spectrum. 
The width of the latter slit is then read off. By using 
a number of solutions of strengths varying decimally from 
the weakest possible to the strongest through which light 
will pass, curves are obtained and a solution of unknown 
strength can then be interpolated in the curve and its 


value ascertained. The solutions to be examined are, of 
of course, kept at a constant thickness. As the relation 
between the concentration of the solution and its coeffi¬ 
cient of the absorption of light only remains constant 
within certain limits, solutions of the necessary dilution 
have to be employed and unknown solutions must be 
diluted to this point: the value is then found by calcu¬ 
lation. 

Tables for calculations of various kinds required are 
given, and the memoir is illustrated with lithographs of 
the working details of the divided slit. A number of 
specimen curves are also given. The memoir is well 
worthy the attention of all who have to estimate the 
strength of colouring matter. 


LETTERS TO THE EDITOR 

{The Editor does not hold himselj responsible for opinions expressed 
by his correspondents. No notice is taken of anonymous 
communications. ] 

Existence of Man in the Miocene 

I have received a letter from Mr. Edmund Calvert, in which 
he informs me that his brother, Mr. Frank Calvert, has recently 
discovered, near the Dardanelles, what he regards as conclusive 
evidence of the existence of man during the Miocene period, 
Mr. Calvert had previously sent me some drawings of bones and 
shells from the strata in question, which Mr. Busk and Mr. 
Gwyn Jeffreys were good enough to examine for me. He has 
now met with a fragment of a bone, probably belonging either 
to the Dinotherium or a Mastodon, on the convex side of which 
is engraved a representation of a homed quadruped, “ with 
arched neck, lozenge-shaped chest, long body, straight fore legs, 
and broad feet.” There are also, he says, traces of seven or 
eight other figures, which, however, are nearly obliterated. He 
informs me that in the same stratum he has also found a flint 
flake, and several bones broken as if for the extraction of 
marrow. 

This discovery would not only prove the existence of man in 
Miocene times, but of man who had already made some pro¬ 
gress, at least, in art. Mr. Calvert assures me that he feels no 
doubt whatever as to the geological age of the stratum from 
which these specimens were obtained. 

Of course I am not in a position myself to express any opinion 
on the subject; but I am sure that the statements of so compe¬ 
tent an observer as Mr. Culvert will interest your readers. 

High Elms, March 23 John Lubbock 


Adaptation to External Conditions 

The curious modification of adaptation to external conditions 
in the case of the Salamandra atm, which I have more than 
once brought under the notice of naturalists, but which I myself 
first noticed under the direction of Prof, von Siebold, has been 
cited by Mr. Darwin (“ Origin of Species,” 4th Ed. p. 534) in 
confirmation of his views. 1 revert to it now for the sake of its 
illustration of a new and striking observation, which has excited 
the incredulity of several eminent naturalists in France—an in¬ 
credulity, we may suppose, founded on their ignorance of the 
previous observation. The fact to which I called attention was 
this : The ordinary salamander, or Newt, is bom in the water 
as a tadpole, and in the water it completes its metamorphosis. 
But the Salamasidra atra , living high up in the mountains, with 
no pools in which to pass its tadpole existence, is bom on the 
land, a completely formed animal; that is to say it passes 
through tire tadpole stage while still within its mother’s body. 
I have taken it from the gravid female in this tadpole state, and 
placed it in water, ^wherein it swam as if that were its natal ele¬ 
ment 

In the Revue Scientifique, No. 37, there has just appeared a 
brief account of some observations made by M. Bavay at Guade¬ 
loupe, from which it appears that the frogs, having in that vol¬ 
canic island no marshes nor pools suitable for the early tadpoles, 
have adapted themselves to these conditions by passing through 
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